The iron-containing porphyrin heme provides a rich source of dietary iron for mammals. The fact that animals can derive iron from heme implies the existence of a transporter that would transport heme from the gut lumen into intestinal epithelial cells. In this issue of Cell, Shayeghi, McKie, and coworkers (Shayeghi et al., 2005) now describe a heme transporter that is expressed in the apical region of epithelial cells in the mouse duodenum. Their identification of heme carrier protein 1 (HCP1) provides a major missing piece in our understanding of iron uptake and mammalian nutrition. Although radiolabeled heme is technically challenging to work with because it sticks to membranes and causes a high background count, McKie and coworkers successfully demonstrated in carefully controlled experiments that HCP1 facilitates specific heme uptake.
The Intestinal Heme Transporter Revealed
The iron-containing porphyrin heme provides a rich source of dietary iron for mammals. The fact that animals can derive iron from heme implies the existence of a transporter that would transport heme from the gut lumen into intestinal epithelial cells. In this issue of Cell, Shayeghi, McKie, and coworkers (Shayeghi et al., 2005) now describe a heme transporter that is expressed in the apical region of epithelial cells in the mouse duodenum. Their identification of heme carrier protein 1 (HCP1) provides a major missing piece in our understanding of iron uptake and mammalian nutrition.
It had been established long ago that the duodenal mucosa is the site of dietary iron absorption in mammals.
However, the identity of the putative iron transporters expressed by duodenal epithelial cells remained a mystery until the past decade. Using several techniques including expression cloning (Gunshin et al., 1997) and positional cloning in iron-deficient mouse and zebrafish models, researchers identified the apical and basolateral iron transporters of the duodenum: divalent metal transporter (DMT1) and ferroportin or Ireg 1, respectively (reviewed in Andrews, 2000). At the same time, McKie's group took a different approach that enabled them to potentially identify multiple duodenal iron transporters (McKie et al., 2000 (McKie et al., , 2001 . Based on the observation that intestinal iron uptake is clearly regulated according to the iron needs of the animal, they focused their efforts on a strain of mouse with congenital hypotransferrinemia. In these mice, low levels of the iron binding protein transferrin results in profound anemia and a marked increase in intestinal iron uptake leading to tissue iron overload. These hypotransferrinemic mice develop anemia because the transferrin that carries ferric iron in the bloodstream is virtually the only source of iron for developing red blood cells (Ponka, 2002) .
Reasoning that increased iron uptake in the hypotransferrinemic mice could be due to increased expression of iron transporters in gut epithelial cells, McKie and coworkers used RNA subtraction techniques to identify genes with increased expression patterns in the duodenum of hypotransferrinemic mice compared with wild-type animals. Subtraction libraries enable researchers to clone and study genes that are regulated under specific physiological conditions by isolating RNA transcripts that are differentially expressed. To highlight differential gene expression in the duodenum, they subtracted transcripts that were also expressed in the ileum, a portion of the intestine that does not absorb iron. Upon entering duodenal cells, heme most likely is degraded by the enzyme heme oxygenase, releasing ferrous iron and the bile pigment biliverdin. The iron released from heme is then transported across the epithelial cell basolateral membrane by ferroportin and is released into the bloodstream where it binds to its carrier transferrin. Interestingly, HCP1 also facilitates uptake of zinc protoporphyrin, which differs from heme only in that zinc is bound to the position within the porphyrin ring that iron occupies in heme. The cytosol of cells that produce HCP1 fluoresces when zinc protoporphyrin is added to their growth medium because zinc protoporphyrin naturally emits a fluorescent signal, providing a useful marker for zinc or free protoporphyrin.
Perhaps the most interesting aspects of the Shayeghi et al. paper relate to how HCP1 is regulated. The authors isolated HCP1 by subtraction procedures that depended on a difference in mRNA expression between hypotransferrinemic and wild-type mice. However, the changes in HCP1 expression that they detected in the duodenum of hypotransferrinemic mice were unexpectedly small. In addition, unlike the iron exporter Ireg 1 and the apical ferric reductase, Dcytb, the amount of HCP1 transcript did not increase in the duodenum of irondeficient mice unless the mice were exposed to hypoxic conditions. Inspection of the promoter sequence for the HCP1 gene did not reveal binding sites for the hypoxia-inducible factor, HIF1, and the cause for this increase in transcript levels in response to hypoxia is not yet known. However, synthesis of heme depends on oxygen (Lash, 2005) , so it may be advantageous for mammalian cells to increase their uptake of heme from the gut in response to hypoxia.
Although the authors detected relatively small changes in HCP1 mRNA levels, the subcellular distribution of HCP1 changes dramatically depending on the iron status of the animal. HCP1 resides on the apical membrane of intestinal epithelial cells in iron-deficient mice, whereas it resides in internal cellular compartments in iron-replete animals (see Figure 1) 
